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Abstract 
Aims: To evaluate whether the survival rates of patients with heart failure (HF) in the 
community are better than those with a diagnosis of the 4 most common cancers in 
men and women in a contemporary primary care cohort in Scotland. 
Methods and Results: The data were obtained from the Primary Care Clinical 
Informatics Unit from a database of 1.75 million people registered with 393 general 
practices in Scotland. Sex-specific survival modeling was undertaken using Cox 
proportional hazards models, adjusted for potential confounders. A total of 56,658 
patients were eligible to be included in the study with 147,938 person years follow up 
(median follow up 2.04 years). In men, heart failure (reference group; 5yrs survival 
37.7%) had worse mortality outcomes than patients with prostate cancer (HR 0.61, 
95% CI 0.57-0.65; 5yrs survival 49.0%), and bladder cancer (HR 0.88, 95% CI 0.81-
0.96; 5yrs survival 36.5%), but better than lung cancer (HR 3.86, 95% CI 3.65-4.07; 
5yrs survival 2.8%) and colorectal cancer (HR 1.23 95% CI 1.16-1.31; 5 yrs survival 
25.9%). In women, patients with HF (reference group; 5yrs survival 31.9%) had 
worse mortality outcomes than patients with breast cancer (HR 0.55 95% CI 0.51-
0.59; 5yrs survival 61.0%), but better outcomes than lung cancer (HR 3.82, 95% CI 
3.60-4.05; 5yrs survival 3.6%), ovarian cancer (HR 1.98, 95% CI 1.80-2.17; 5yrs 
survival 19%) and colorectal cancer (HR 1.21, 95% CI 1.13-1.29; 5yrs survival 
28.4%).  
Conclusions: Despite advances in management, heart failure remains as ‘malignant’ 
as some of the common cancers in both men and women. 
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Introduction 
 Cardiovascular disease is the commonest cause of death globally, accounting 
for an estimated 17.5 million deaths in 2012 – around a third of all deaths worldwide.1 
Heart failure (HF) represents the end phenotype of many cardiovascular disorders and 
has a prevalence of around 1-2% in the general population, rising to >10% in 
individuals aged 70 years or older. HF is also the commonest cause of hospitalization 
in the over 65s.2 Advances in pharmacological and intra-cardiac device based 
therapies have reduced mortality rates in patients with heart failure by as much as 
50% over the past decade, but both short and long term mortality rates remain 
significant.3-5 The adverse outcomes associated with heart failure have drawn 
comparisons to those of cancer amongst many commentators, including international 
cardiological societies.7 
 Collectively cancer is the second leading cause of morbidity and mortality 
worldwide, with approximately 14 million new cases and 8.2 million cancer-related 
deaths in 2012.12 As with cardiovascular disease, improved treatments over recent 
decades have reduced mortality rates from many cancers.5, A previous comparative 
analysis of patients with a first admission to Scottish hospitals in the UK in 1991 with 
HF and the four most common types of cancer specific to men and women, suggested 
that, with the exception of lung and ovarian cancer, HF had a similar or worse five-
year survival rate than the remaining cancers.13 A comparable analysis of over 1.1 
million hospital admissions in Sweden from 1998-2004 reported similar findings.5 
 Important limitations of these findings include the observation that a first 
hospital admission for many cancers frequently relates to elective surgery or 
investigations 5, whilst that for HF often represents an acute heart failure syndrome.  
These differences will bias survival comparisons towards worse outcomes for HF. 
Furthermore, until now, there has been no attempt to adjusted for comorbid burden,5,13 
which has been increasingly recognised as important confounding factor in this 
patient population that could substantially affect survival.  
Finally, whilst improved survival rates have been reported for patients 
diagnosed with HF and for many cancers over the past decade, that may have 
occurred at different rates in diagnostic groups, past comparisons, therefore, may no 
longer hold. In view of limitations of the previous studies highlighted above, it is 
possible that the survival rates of patients with heart failure in the community are 
significantly better than those with a diagnosis of cancer in contemporary practice, 
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particularly when differences in co-morbid burden are taken into account. We report 
here an analysis of outcome in patients in care cohorts derived from a national 
primary care database in Scotland to investigate whether the often quoted “HF is as 
malignant as cancer” still holds in contemporary practice. 
 
Methods 
Study Design and Setting 
The data for this study were obtained from the Primary Care Clinical 
Informatics Unit (PCCIU).23,24 In brief, PCCIU was founded in 1999 to feedback 
information to practices about aspects of clinical care as part of Royal College of 
General Practitioners Scotland Programme of Clinical Improvement and 
Effectiveness (SPICE). The work involved collecting anonymized clinical 
information bi-annually between 2000 and 2011 from 393 practices across Scotland 
caring for about a third of the Scottish population with data from 1.75 million patients 
and are representative of the Scottish population with a similar spread of age, gender, 
material deprivation and rurality. 
We carried out a retrospective analysis of PCCIU cohort; our population was 
all adults aged 16 years or older with an incident diagnosis of either heart failure or a 
cancer between 1 April 2002 and 31st March 2011 (the last update of the PCCIU 
dataset). The first three years of PCCIU (1 April 1999 – 30 March 2002) were used to 
mitigate the risk of including prevalent cases: patients with diagnosis codes for either 
heart failure or cancer in this period were excluded. Included cancers were restricted 
to the four most common by gender: prostate, lung, colorectal and bladder cancer for 
men; breast, colorectal, lung and ovarian cancer for women. The Read codes (the 
clinical coding system  used  in  UK  general practice to record patient diagnoses and 
procedures in  health-care  IT  systems) for these diagnoses are given in 
Supplementary Tables 1A and 1B. The primary exposure was first entry of the 
diagnosis of HF or cancer type on the healthcare record, and date of diagnosis was the 
index date. Patients with both a HF and cancer diagnosis present were assigned to the 
cohort of patients with whichever diagnosis was made first. When possible, we based 
our morbidity definitions on Quality Outcomes Framework (QOF)  
(http://qof.digital.nhs.uk/) business rules25 and  Read  code  groups  for  long-term  
disorders  (as  defined  by  NHS  Scotland).26 QOF is the world’s largest pay-for-
performance programme. It was introduced for all family practices in 2004, linking up 
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to 25% of family practitioners’ income to performance for more than 100 publicly 
reported quality indicators relating to management of chronic disease, organisation of 
care, and patient experience. A significant proportion of a family practitioners income 
will depend on maintaining a register of patients with a particular diagnosis (such as 
HF and cancer diagnosis) and will also relate to the proportion of such patients that 
receive evidence based care. 
The primary outcome was survival time to all-cause mortality. Potential 
confounders that we accounted for included: age at index diagnosis (continuous 
variable), material deprivation (Scottish index of material deprivation, in quintiles 
with 1= least deprived and 5 = most deprived), rurality (urban/rural index, 6 levels, 
with 1 representing most urban and 6 remote rural), smoking, comorbidities (before 
index date only). These confounders were treated as ever/never terms – i.e. they were 
not time-varying. Comorbidities were initially selected and derived from READ codes 
following Barnett et al.23 A shortlist of these (Hypertension, Depression, Asthma, 
Coronary Heart Disease, Diabetes, Thyroid disease, Rheumatoid Arthritis, COPD, 
Stroke or TIA, Chronic Kidney Disease, Atrial Fibrillation, Peripheral Vascular 
Disease, Epilepsy, Dementia, Schizophrenia, Bronchiectasis, Parkinsons Disease, 
Multiple Sclerosis, Viral Hepatitis, Chronic Liver Disease, Previous Myocardial 
Infarction) was then used for subsequent modeling. Comorbidities diagnosed after the 
index date, and all medications for HF (diuretics, aldosterone receptor antagonists, 
beta blockers, ACE-inhibitors, angiotensin receptor blockers, anti-platelets and lipids) 
were not considered in multivariable models (Supplementary Table 2). Data cleaning 
included removal of patients with missing information on deprivation and rurality, 
and logical conflicts in dates of recorded events. Imputation of deprivation and 
rurality was considered but the proportion of patients missing these fields was low 
(1.94%) and it was felt reasonable to assume that these fields were missing 
completely at random. The majority of the clinical variables were binary indicators of 
presence of a clinical code; the associated condition or medication was assumed to be 
absent if the code was absent. 
 
Statistical Methods 
Descriptive statistics were presented as means with standard deviations, or 
proportions; these were stratified first by gender and then by primary exposure. These 
were compared between exposure groups using ANOVA (to compare means) or Chi 
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squared tests (to compare proportions), with the P-values reported. The number of 
comorbidities was compared between disease groups graphically; survival was 
compared between groups using Kaplan-Meier plots. 
Sex-specific survival modeling was carried out using Cox proportional 
hazards models. Three models were considered: first a univariable model with the 
primary diagnosis only; second a model corrected for demographic variables of age 
and deprivation; and finally a fully adjusted model that corrected for all confounders 
described above - i.e. age, deprivation, rurality, smoking, and all of the comorbidities 
described above that were diagnosed before baseline. Many of these confounders 
described may be highly correlated, which may make their effect sizes and standard 
errors difficult to interpret. However, we do not make any inference about these. We 
did not correct for any medications, as these may act as mediators.  Continuous 
variables such as age were treated as linear. The proportional hazards assumption was 
checked using Schoenfeld residuals.27 All analyses were carried out using R version 
3.0.2.28 
 
Results 
A total of 58,412 patients met the study inclusion criteria from a database of 
1.75 million people registered with 393 medical practices in Scotland. Following 
exclusions of 1754 patients; 3.0% (1119 patients with missing deprivation data and 
635 patients in which date of death was the date of diagnosis, or could not establish 
date of loss to follow up) the final dataset comprised 56,658 patients. There were 
28,064 men and 28,594 women and mean age at first diagnosis was 69.16 (SD 12.76) 
years. Median follow-up was 2.04 years and there were 147,938 person years in total. 
There were 6,795 men with prostate, 4,693 lung, 4,239 colorectal and 2,028 bladder 
cancer, and 10,309 with heart failure. Among the women, 10,760 had breast, 3,610 
colorectal, 3,859 lung and 1,234 ovary cancer, and 9,131 heart failure. 
Descriptive sample characteristics are presented in Table 1 for men and Table 
2 for women. In men, the age at cancer and heart failure diagnoses were similar whilst 
in women heart failure diagnosis occurred later in life than cancer. Patients with heart 
failure, both men and women, had more comorbidities than those with cancer; only 
5.5% of heart failure patients of either gender, had no comorbidity, compared with 20 
to 38% of patients with a diagnosis of cancer. The mean number of comorbid 
conditions was also greater in patients with heart failure compared to those patients 
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diagnosed with cancer. Male patients with heart failure had a mean number of 
comorbidities of 2.62 (SD 1.55), whilst in patients diagnosed with prostate cancer 
(mean 1.47, SD 1.38), lung (1.79, SD 1.56), colorectal (1.52, SD 1.49) and bladder 
cancer (mean 1.71, SD 1.52) mean number of comorbidities were less. Similar 
observations were recorded in women with mean comorbidity number greater in 
patients diagnosed with heart failure (2.8, SD 1.61) than breast (1.19, SD 1.31), 
colorectal (1.52, SD 1.46), lung (1.95, SD 1.6) and ovarian cancer (1.21, SD 1.32). 
The number of comorbidities at index date in each disease and gender group is shown 
in Figures 1a and 1b. 
30-day, one-year and five-year crude mortality rates are also presented in 
Tables 1 and 2.  The largest crude mortality rates occurred in patients with lung 
cancer, with 8.7% of men and 9.3% of women dying within 30 days. The lowest 
crude mortality rates were recorded in women diagnosed with breast cancer (0.5%) 
and men diagnosed with prostate cancer. 30 day mortality rates for men following 
diagnosis with heart failure were 1.5% and 2.2% for women whilst at 1 year mortality 
rates were 14.5% and 17.7% respectively. 
 Kaplan-Meier plots for overall survival in years since diagnosis are presented 
in Figure 2. The main Cox proportional hazards model results are presented in Table 
3. Men with prostate (HR 0.61 95% CI 0.57-0.65, P<0.001) or bladder cancer (HR 0.88 
95% CI 0.81-0.96), P<=0.005) had better survival than those with heart failure, while 
those with lung (HR 3.86 95% CI 3.65-4.07), P<0.001) or colorectal cancer (HR 1.23 
95% CI 1.16-1.31, P<0.001) generally fared worse. Women with breast cancer (HR 0.55 
95% CI 0.51-0.59, P<0.001) had better survival than those with heart failure, while 
those with lung (HR 3.82 95% CI 3.60-4.05, P<0.001), ovarian (HR 1.98 95% CI 1.80-
2.17, P<0.001) or colorectal cancer (1.21 95% CI 1.13-1.29, P<0.001) fared worse.  
All models showed some deviation from proportional hazards. Deviations still 
existed in the fully corrected models, but were minor and so should not affect the 
interpretation of the results (see Supplementary Table 3A and 3B). 
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Discussion 
 Our analysis is the first to compare survival outcomes in a primary care setting 
of patients with a diagnosis of heart failure and the 4 most common cancers in men 
and women in a contemporary cohort of patients treated with current evidence based 
practice that has changed dramatically over the two decades since the older studies 
first reported outcomes following first time hospital admission with a diagnosis of 
heart failure or cancer. Despite advances in care, we found that men and women with 
a diagnosis of heart failure continue to have a worse survival than patients with one of 
several common cancers. Our findings are particularly relevant given that the current 
analysis overcomes many of the limitations of previous work particularly around 
admission bias for different conditions and differences in co-morbid burden between 
the patients with HF and cancer.  
Advances in both the medical and device based treatments, have been 
associated with improved survival rates in patients with HF in many29-32 but not all 
national registry-based studies.33 Age-standardized death rates from heart failure have 
been reported to decrease by 40% in seven European countries between 1987 and 
2008.4 An analysis of all patients in Scotland hospitalised with a first episode of heart 
failure between 1986 and 2003 demonstrated relative declines in short- and medium-
term case-fatality rates of 40-50% in men and 20-25% in women; changes associated 
with significant increases in ACE inhibitor and beta blocker use over this period.29  
 There are limited data regarding longer-term outcomes of incident heart 
failure in the community. Our analysis suggests that mortality rates in patients with 
this condition remain significant. Our observed 1- and 5-year mortality rates of 13% 
and 35% respectively in males, and 15% and 40% in females from time of first 
recorded diagnosis of HF are lower than mortality rates recorded following an acute 
admission to hospital for HF,35,36 probably because the latter population comprise a 
sicker cohort. Our mortality rates were similar to the 5-year mortality rate of 38% 
reported in a contemporary community cohort derived assembled in Ireland following 
a new diagnosis of HF.37 Similarly, the ECHOES community based screening study, 
reported 5-year mortality rates of 38% for those with HF with preserved ejection 
fraction (HFPEF), and 47% with HF with reduced ejection fraction (HFREF) 38 
although this was a cross sectional analysis and did not report on survival from time 
of diagnosis. Similarly data derived from Olmsted County reported a 5-year survival 
of 45%, but again was a cross-sectional survival analysis from the time of initiation of 
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the study rather than the time of diagnosis of HF introducing bias towards worse 
outcomes.39 
  HF survival rates, and that of many cancers, have improved over the past 
decade, but these improvements have occurred at different rates in HF and cancer 
populations. For example, an analysis by Stewart et al. of hospital admissions from 
Sweden5 suggested that survival rates for heart failure admissions had improved by a 
greater margin each calendar year than those observed for the cancers studied. Whilst 
our analysis is not subject to many of the limitations of previous analyses such as 
admission bias and failure to adjust for type and number of comorbidities,5,13 our 
findings are remarkably similar to those reported initially by Stewart et al13 and 
subsequently from hospital admission data derived from Sweden.5  This suggests that 
even in a more contemporaneous cohort (by at least a decade) a diagnosis of HF 
remains as ‘malignant’ as that of some cancers. Our findings were broadly consistent 
when the data were stratified by comorbid burden and age of diagnosis. 
 The burden of comorbidity among patients with HF is significant. Only 3% of 
patients with HF have no recorded comorbidity whilst up to a third of patients with a 
cancer diagnosis had no comorbid conditions documented in their medical record. 
The number of comorbidities among patients with heart failure appeared to be similar 
in both sexes despite the average age at diagnosis for women with HF being 6 years 
older than that of men. Previous studies have also reported a significant comorbid 
burden in patients with HF and its presence is independently associated with 
increased mortality.14,16,17,40  This burden appears to have increased over time.40 In the 
cardiovascular network PRESERVE study undertaken between 2005-2008, less than 
2% of HF patients had no comorbid conditions,41 whilst data derived from the 
Spanish National Heart Failure Registry suggests that only 15% of patients with HF 
have no comorbidity14 whilst only 4% individuals with HF in a Medicare dataset of 
122,630 patients had no non-cardiac comorbid conditions and 40% had five or more 
such comorbidities.15 It is not surprising that the burden of CV comorbidities is 
greatest in patients with HF given that many of them, such as diabetes mellitus, 
hypertension and coronary artery disease are risk factors for the future development 
of HF.42 In contrast, studies of patients with cancer suggest that comorbid burden is 
significantly less.  For instance, perhaps only half of all lung cancer patients have 
comorbidities18 with even less in those with colon19 breast 20,21 ovarian or uterine 
cancers.20,22 
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Our data suggest that the burden of CV disease in patients with a diagnosis of 
cancer is also significant, with: 20% of men with a common cancer also having a 
diagnosis of coronary artery disease; 10-20% of either gender diagnosed with 
diabetes; significant rates of previous strokes or transient ischaemic attacks, 
particularly in men; and hypertension prevalence varying from between 30-45% in 
both genders. Previous registry-based studies have also reported significant CV 
comorbidity in patients with cancer diagnoses.43,44 CV comorbidity and estimated CV 
risk have been independently associated with worse outcomes in patients with a 
number of different cancers.43,45,46  
Our study also has several limitations. First, we relied on primary care coding 
to identify the study cohort, with no validation of the codes. Like all other 
observational research undertaken using data derived from electronic health care 
records, PCCIUR relies on clinicians’ observations and entry of relevant codes into 
electronic healthcare records, which may be an incomplete or an inaccurate 
representation of patients’ health. Whilst diagnoses of cancer are generally made by 
specialists based on imaging or biopsy information and hence robust, diagnoses of 
heart failure may be clinical in the first instance and may be less robust particularly in 
the presence of obesity or other conditions associated with dyspnea and edema. 
However the diagnosis of heart failure is well recorded in the United Kingdom 
primary care electronic healthcare records because it is an important part of the 
Quality and Outcomes Framework pay-for-performance scheme which includes 
maintenance of register of patients with a diagnosis of heart failure, and in such 
patients records the percentage of patients with a diagnosis of heart failure which has 
been confirmed by an echocardiogram or by specialist assessment 3 months before or 
12 months after entry onto the register. In Scotland, the percentage of patients with a 
diagnosis of heart failure (diagnosed on or after 1 April 2006) which has been 
confirmed by an echocardiogram or by specialist assessment 3 months before or 12 
months after entering on to the register is over 95% suggesting that the diagnosis of 
heart failure is robust. Furthermore, the associated risk factor profile and survival 
rates among the heart failure and cancer cohort are in line with those reported in the 
literature for incident HF and cancer in the community. Second, whilst we were able 
to report on outcomes associated with a heart failure diagnosis we were unable to 
differentiate between heart failure with reduced ejection fraction (HFREF) or heart 
failure with preserved ejection fraction (HFPEF). Previous studies have suggested that 
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patients with HFREF have similar48,49 or worse short- and long-term mortality 
outcomes compared to those patients with HFPEF50,51 hence the comparative 
outcomes of HFREF or HFPEF with those of patients with a cancer diagnosis may be 
different. Third, whilst our analysis captures the diagnosis of cancer in the primary 
care health record, it does not provide information relating to the stage of cancer, 
whether the cancer is under remission, whether the cancer was “cured”, or what 
cancer-related treatments were given. Finally, in order to reduce the risk of length 
time bias and exclude prevalent cases of HF or cancer, patients with diagnosis codes 
for either heart failure or cancer during the first three years of PCCIU (1 April 1999 – 
30 March 2002) were excluded and only those patients registered with the practice for 
at least 3 months prior to their index diagnosis date were included. Nevertheless, we 
cannot exclude the possibility of non-incident cases of either HF or cancer included in 
the cohort studied, although numbers would be small. 
 In conclusion, the current report of over 147,938 person years of observation, 
is the first to compare survival outcomes in a primary care setting of patients with a 
diagnosis of heart failure and the four most common cancers in men and women 
separately.  It has revealed that despite advances in management, heart failure remains 
as ‘malignant’ as some common cancers. Our results highlight the significant multi-
morbidity associated with heart failure that will represent a significant challenge for 
delivery of healthcare in the future, particularly as the burden of heart failure 
continues to grow. Targeted management of the co-morbidities that are common in 
heart failure patient population may be associated with better survival and quality of 
life in this patient population.  
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Figure Legends 
Figure 1a and b: Number of comorbidities by disease group and gender. 
Figure 2: Kaplan-Meier curves of overall survival, separated by gender.  
 
